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•• 

ch 

Ltf IjioJI jUuiiS j 0£rUuXI jUluVI 
^L^Jb ^Uu ? VI ^JjlJI ^»Ki 

jaaa ^laVJ ^JLalA 
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J jVI JdxJj j^UVI Uaa 

-A ^ 1 • ^ o— <Ua}Lu^[l jjjuu Jvia 



A^P ll-pj V03 AaJLi£- oli^Lij ^Jp wL>-j d)i il* oL—j'VI 

. LgJp ^ <aX>cj*t\ ^Jl i jJ>j)l\ ojl^pj t t *liJI Jp-I ^ <Lj| j^pj 

#-Lo ^a ^ji?L <j ^ lftJL>-jl jjJ! 4y»«Ja)l olj _^J\ ^1 \ j>^Lu*\ <j £^>*J JL3j 

ajj)o lali olj ^tJI ^jA L -aj |%->* 3j J_>Jj>-j A^ai>j (J 

m 

^Jp 4-AjjLt ^LojL oL— »^1 J?tJL» 

„ f 

J^L» jl LpIjj J,| U^p-j oLlxJl ^ l a i aft jp l/uS" ^/Pj jJa— 

flilj t *-1 j-&>- a~pIj j Jl 4 JU-I 4 JI *-ta pLl <ji?LLl /p bjp J jj>-^ t f-l^p- 

- # 

. jll A^*J>w? oL^JwOj ^jlpj LiXa 



t A-Jl^j ^ ^>-)j A-j L^ i jLjI aJ ^pjVl ( Jp J\ C P 1 jL* 4 j j>jjij U j[ 

O-L^ A^A^j jUI Li i)j£j (jj&J C ojljOjIj Alpljjj 4JbL*^*> a*X^3 

a>r^x3 , JpLjuJI l)L^>* ^ja twJjilLj ojip>-^il ^ ^p-*yi A-ji-l cjLxjI^JI^ aJ l — SO jljT^ ^a 
^ plXJ CUP..A '/3.~J <JL‘ *^2.4.~>ol - (Jliil ^^Jp I (jLoNl -i^LjijJ 

Ajill£ ^j^Lol J J>jJl^ oJlp Ojl^l ^ . ^j-bcJl Jj_ls>L*j aJjJJIj ipljjJl jIpLJlI 
^tLi! Jp jia>- jJl^xo c-JlSj olJlj^i-lj ^LJI ^ja 2>jp t ^1L*JI ^ 

oLiU^-j L< pjVl /^i»Lj l y&>‘ olj^ c-^3j ^LLl-iS . a-^jj-aJI 

juu ^jJlJI > iL>- ^Jl oLil oLi A^L^c^aJ jl c aj^JlLI L- y3.L I 

_ s* ^ 

4_o I L JliI |j ^LJlI L-wu o^Ssj «Xd l^i I o-La Jl^ 

. 1 ^ 



A-«-Lv%Jl jLjVI ci (J,!, CU>tJl IAa 

JL3 c A^>-JL^J| A-^jIjJlJIj JaJa>tlll l£ 
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'yC. jj . 4*i-l oLSLSsJlj jUj^l (_^- j 1 " 1 ‘ 1 Oj^i 

IfSj j}\ jUVlj l*-LJ ^iibi J jlUJl ^y» <uJi^ ^Ul^o C— *ij ^jJl OiljJ-i 
■'’iji *•— j^jxlala^ti. I ^*u> Lp^a -^'V 

4 JO | l^poj! ^J 1 — 4jUl>*il 4. : * : .. lal i C->lj ^Ji (J^\JC--**N 4>wJo ,JjJ 1 oj^a-J^-\ 
^Lw aj oLiJvOJ ^ jLi^o 4^a liN jl . iaia.< J-Lp (JljJJL^I - ^9jVl ^ji^L) 

OwLa L^JlP |*l — 4 j <jJ I ^Ul_L<dJ 4^>-j_J^i-l 4-« « « la Jl 1 ^+Jj\ ’JS N 

I 4 JUI olp (J^LsJo^ . o»Ipj ^JJlI 

A^ocwJaJ 1 o! j j-jJl ^J I *L^?jVi O’ I j Lp N Ij _ 

. ^jVi ^>L j o.i£Jt aju^ij asui 

jl 4 a^Jll oLi! Vi ^J-WL (j <Uv^jVl oi^iij JjNjJl _ 

ijjjjJI a>^sIjjI 4 ij.L*Jl a 1 >- oUI ^a \p~S oLoi - 

• >jVi 
t ^ 2 

. J— 3_»Jl 4 UI JL_xI 4 l_»h>-j 
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Causes of 



Subsidence Surface and Sinkholes 



L^?xisLw*> j^Jaj cLAJJ5j ^ 

^1 t Aj j^o 4 L^jj Jj?- <j Jj>o <jL*J*>U 4*juJg 

. <— ill>eil jb-sjNl JaLtjJ 4j*e^5 O JL^- 
{ * " 

J ^JbJjJlj 4 o^jjjJl jlia^l ^ja.,* <j ^jJl isA^JaJl 

L^J>t>- 4 4-0 ^j] 3^1 I «- C .s5 Ijj , c 4»<3^^’l olil 

ol^&LaJlj oL5>U>o^l oi^j . (T) aj jxdl J^tij &La>JJ 4 j>wj 

v*_~«-wwj 4 jj 53J .sij^ll Ia^\Pj ^wJL^Jlj aJLojJI (jkjjJJ 4 _j>*^Xj 

4 — Itil^ 4j^~Io *J 1 */3 j 1 ^ JL. t s.OJ .( H. _ii>^L>- oLJki 

. (t) J jJJ\ j jlkJij frills' iJaUi ilsUi *\£\ g\ 1 J^jis 



a*j^ Je^.cy' 4 -^ ail A-A^Jai! ^I^li jr\ j5xw>N ^AA>r^J kili-iSj 

s* 

j*>-x} < ^ = J^r J l v^*l . ( ^.UH >1^11 ^jA \ JtijiS'j ^11 ij <. ^>sji}\j 4 Aj J jkiS' 

jl 4^C-«>iy0lj C-w0^) (jiaLli ^ 4-^l>"J oLjJ S/uS* C>LX 4jajajJkl 
4j>t-Jo L^hyl oLs^lji>«j^fi d-*-^ jJj 4 ( ) c yc*Jail \jt>\j£ (J ^vJlj jlia-aVl t^jl^ 

<J o^>-^ll ^jl>*ilj oUil C-wLjl jL ^ 5Lj Ij oLlb Jpl J-i-lj £jlj-ll ^yL^j {£ ji 
4 >Jj 4-w^aj5l (3 j-i^ilj oljU-y^b^flj oLaUkj^i ji d«Ud5j „ ( '<uiad! 

*ji I 4-«JL^>_t' ^_, - 1 ! . . ^i I - ~* r ^ 1 ^ ^ . 4 ^> 1 1 ^ j li.«jl Ij ^1- - - ■ 1 1 4 .a l _ 9 W 

^ W^ 1 oljl^Nij 



45 ^ J,J j%j oLJlI (j ^-5*>b>-l J,l 4-jJaUl oLlI ^ ^5U>vjl o| # 

frj^o J^5*xJl i^li^ ^ c5 I ^ ■' ^ I 

. 4 . b ... 1 1 l^c.o3.l I 

^ J^~~° 4-jlll 4j j*sS\ 4-Jlo-Pj c l^jl jSviTj ibbklj 4 j^Ja jil 4 -Jl^P ^ 



-r ya- 




. ^Ub_j 4*Jl */2.\\ ulXsg ^J,j. i£~y 

<J o^>^il 5^.* >/?li JjjjLxJl j>S* ^jkb jp««-> OjjJaJI jlk^Vf oLwo c-J j ~ «j * 

. J I U Ij L>t^3 J^>-j^ J J>r ,] I 4j £ ck~Jl 

jUa^j^ij oLU ci <L>*k^Jl <u«kll <J JaLij ^L5 *& 

_jl 4^>tia-vvJ! 4jLskJij A » jbJl j~*yi ^ . £>• L^>- 

t ^jL>Jdj okii i— b jL^l^j (wwoU'ilj iJ/Jl ^ oLil c-J y^vJ jU kiUJi^ t 
. 4-ws*ji oijL^i j\ oL>«^ 3 j->-j J,| Ji tolp^JUlj t t <_£ jJlj 

^ ttk i w 1 1 ^J»kb ^3 C«J j^\>sjl««J ij O^fUta^il ^ — 1< ■ilt 

J,l ^pjJ jls l^U iJbJI oli iLfliJl oLidl 4 ^j til dUJLSj . ^k .~JI 

. JbJl Jg jcball 4 j>wJ oljL^I Oj~L>-j ^.^kkJl j->x-> 4 jj^J 1 i] j^- 

oUJli a^p j2> ^k*^ ^iUi jli iL^kJl Jjj j*JI oli c-jLlp’il jl obLJI <LHj| # 
illj| v< — ■ kJi^ . 4j^il ^kLJi C.J j~*ZZk J 4x>r.k »*Ji 

oLil i^lijbj L^SwjLc ^jlpjAj^lJI di *>J£ ^l c-jL_jL_jJ(j jL-^Ji^I 

<U>Ja^Jl 4jL*kil jL^M I^IP 4^lkb s— lijiJj b Ju^- ^jkt-Ji 4*>ek^*J! 

'*— ■ kJi t^<gjVl ^jkb y* A-J-^aJlj tJbkJl <u.^. r kJl ^\ j>^m\ 

olkj^A 4lp 4^>rk ...ll CjLiJaJJ iLobJ-lj ^LJskLJl oLaJaJl ^kwi 
. ^tk»> 4iJl^ oUc^ij 4^i>jl oljL^lj 

^UftP-b I 4 j>-j o I J LwSo I j ol^ld>s->l Oj Ji>- jlaJ 

# t 

*!)k»tp jl jJj^k^ jLwJ^I jy^AJj i ^UJl <ulK ^jktla ioL^o 

oJJj>- ^Jl jjbl^ki! j 5" -b c_d^w»» . L^Jji_L>- J L^bj 

. Lgjj J j>- c-jL^Ij ^^Ulj jk^^l kLbJ Agn^ij 

Subsidence due to fluid with- : JjI j-J) ^1 5^b ^ j V I i? 

drawal 

l^ptwaj ci (^jJ°,j <• j^ t *-^®) _^~5l J'>kcu^l oi 



-m. 




£ti> 4_luL^JI o^lil ^jJI J^Ll <l)ljiM 4 j (_5 ^dj o/uS* oLX 

oILjj Jjl^Lwfr J ci ^l^^j l 3 j-fl-^j oIjLv-SCjIj oLs^lji>^->i a_jp 

>Uil J ^Ij ^1 ^1 >V v^r' »UI Jp jl . jlUJI ^ 

v — J ^U^l AjwP ^tii ol5wJL AjiJ^vJi j^liil J », j yjJJ dUiSj A^pljjJl 

LfcyPj AiUaJl CjLq^j jl*Jij d-J jJi ciiJ-i5j t A-j5^- i oLll 

. <3 ji*Ji ji jJi ji 



J| (j 1 ^_p1jjI 3*>ta>-l Jp J_-jlj_~*Ji <u^5" (1)1 

jSlj~Jl L^ ^31 aILUI J ( Fluid Pressure) J5lj — Si 

cJ d)ls j*** y* l^j . ^’jl jl ^yfLL^jl o~U~ JULj 

^-ISl 4 ^ r J> (. t$Sj3 ^Jl ^ijli ji £pial**jj Ulp U 2-i-s^ (1) 

aS/JI oLii \s\ till <j 4 a3j frLol I Jj>“ bud>- j-io aJU aSjj ^ 

jl J^4 fr Lll Ol ^IjJlj ^LdJ j-s *J-j d)l$ 



^ i oUljii-l ^o Jjl^jl t, -> j_>- d)| C-~s>- A^jjiaJl j. ^‘o LL>c-> 1 

<> V iaJw^j <Ld?Ul *w^»lj jl) aJSHI c^Ij JlSIj oLs-J-i ^j>-^Ajj Jl 

JjLJI J cJl5 jji oljJJij oLJ-i ^iFu ( Grain to Grain Load) ^jJul, 
Jj dLL Lp-« Jj|^*Jl ^-1 Jl*j Apjli Qj>x^gl Lp^jj Jjij — S L ofr^Jjr 

oJL>JLp jisLo cJaJfc Jij , 0,) L^iji ^Jl idladl Jp^A 1^-d.^^Lj l^^AJ 

oL^j ^jl^lj {y> l^pi^jl <Js^k^-\ Jp Jjlj—Jl ijr* 

^^Ldi^Jlj Ali^’yi j*Z+~j . d)ljii-l Aj A aj jl*Ls-fr i3jA> 

. jUJIj OjjJlj Li^A-l eLii a^^jj ^j^j'bli 



Subsidence due to Ground- ; oLLl S>^o jVt 

water withdraw 

uU^j »w*> jl AjiL>ell Apij^Ji °IJS d)| 

Lai»xjl Jl ( Recharge ) °IJIj a^cJ^UI oUljii-l ajJAj qLo5 
SJbJp jisLfr J oLll ^Jli^Jl ^1 Jij . ( Aquifer) LiJ Li oLii 
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OL^jJl ^ La diL y* y* L*-w*LJj C-jL>“L— a J?^A ^[1 — *Jl ya 

Aplj^Jl Lg—3 ^Jl ^l?bil J <W?L >-j LJijjilj Lwdj 4^Ss_> 1 o*X>dii 

Lw^L^t Lola Lg-d LijjLl oLii ^JjSCiJ ^Jl jl a^J^-1 oLil ^J.p ( Jl£s*1j 

i^*>wwJ 4j>^L> ^j-a J^LL* oJLp Cm4>'A>o1 JU3 . jl^LJi 4A*xSsJl jjJLl jLSLJ 

* Aila^i ^(ZL*J LfC* LijjLi oLil 

. Subsidence in U. S. A : LSL jH I oJb^ill oLNjil j ^jVl ^LLLJl 

(j «W?L>-J 4^Ss_) ^a^l oL^jJl y* AA^£- J^L?L* (j c w3>pajl JuJ 

^i^JJ <> ^L-SL <, LJjjjLJIS' 4j^Ij JlLo Li^Ll oLil J -o i aJ jJ I ji>Lil 

. Lj^jjI 4jNjj L^-jjJ>- L^JJ C bUJ 

# c. ^ 

oLii ^ jJ>xS*~jj L'b/j ^c-ij^Jl cj L^L-i 1 y^s* iS^ jy*~t 

1 oLil ^ j^^l «A3^ . AAb^xil 4*pl^^Jl L^ti 1 4*+£y-^ m \ 

i»jJ ^ Lj^LI oLil ^^L_a>*jI LL ojJ^ by S oL»5L 

^3»j^|l ^^La^JI ^a Li^Ll oLil l£ y-^° ^A-vJaJl 4j^cJlj . (1 jL» r * ) 

Los) O^LS" _ y^y y>ji LjJ-a 4jaJal* Jl 5 j 1 oJa^A UJ L^iy ^jl 
Tulare-Wasco-) Jy ^iiaiaj . ( Bonos-Kettleman City Area 
A-^a. L^jl _ L^SLjb Ixla^j i ( Lancaster Area) ^ikuj <. ( area 

Santa Clara Valley Area) 1 LJL* &\j Lilaiaj t( rvin-Mariscopa Area 

\ j ^SCJl £w ?y* ^A . ( 

oLil <~+£ >. Li^ 1 ^j--® Loj^aJIS” cJ ^/?Liisjl jlJLAa t aL^j 

. ul^LljiLl ^£jJu ^J I oLil A^oSj 4j ^>x.wil 

The Central Valley of California) UjjaJIS’ J Ja^-jVl ci^ljJI iiLia 

Jlj^>- 1 C « la ; A Jij <>T f^ °* * * ^r^*b aJajUs! L>-L*dl j Jlaj ( 

Los Bonos - Kettleman) _ j( c L5 - Lr *i> ^ ^jj LjJ^j 4AkLa j Jl\ y* ,jt 
^ l ap lj \ ^yy L^*-L~wa jJ-aj acIsLa y jLl«1 T J-Cvojj ( City Area 
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tj 0 ) jJ^ 1- 




Santa Clara) l/AS' IziL- \j J ^jVl cJa^ ^ •J^ Ajl* (J! J»^-a 

* JS iS 

\ V ^-L jJj <, I JLajLS MV UsjJi o-Lwo <j ( Valley 

J *yj* ol Jl ooL-IjJl!I OjUil oij . ( San Jose area) *ujj\ jL- iiki« J Uoi 
(j 0>J iilLA olj \ ^ T * ^Ip -LOj I Jj 4dla«ll >jV! 

‘Ld^-I fcLil ^ r <^a l 4 >wj &CU bjfyBij 4j jj i O^ - dJjJa_JwA 

\ ^ \ ^ j*tp (J ^ ^Oj JL-A3 . <LjiL>tii A_pljjJl 



_m- 







ajU yj 1 ^ •****• ) oUlI yo t oLG JL» j jJbo youjlj a*-vL yo LLby^l 

j!>L^ ai~JI y ( f ^» 1 A*\ **••**) oLll yo Ja j yJL yj^j 



IJU Vo yo oLJlS J yL-l Ja *-v2-Sl ySL4>cjl yyT oL*5L oUlI y^aJ 4>yjj 

Ja y^ybo 3 yLp yiy>- cula — y yJl w — y jj Si y>sj>- ^ j <*y <jl — Sj 

y LxJJ oy^Sj j\ j*J?\ iyjfc* yP go Jij . ( r ^» ^ ) 

oljVjjJl yo*>Lo j-LaJ bij L*i y^lj aiL.*.* y oiyiJlj ^ jJa_Jij oL-Liilj 

tj'Vji y->!)bo £ y» y^b 4iiadl y jh^l OjLa>! i ^J! jLy j-Lb \^S . aJxj y»^/l 

ySLwwwLly jLo gL>“ yo yyLi Jo>-LJi J jis> yp y-lyLl <toli| ajLLSL jJtibj 

Cyi>j I J3j . (U) y>l> yl j^/j^ yu^)L H y ly*o C-H ^ : LI yo AjLaJsil 4 j1^“ 

yu L ^lail A Jly ( Tular - Wasco area) Jy -j$L*» \j LJls-i* J y^i 
Lj^jjL Ajilaio y LojJ ^Y J, ly- (y^j^S oJayj . ^»Lpj ^^Y**l y*lp 

JJyJl Jl ^ 44 Ja^o j jyy oJb- 1^5 Arvin- Marricopa area _ y_ijl _ 
jJLiJj tlJjjiJIi' J San Gabriel Mountains Joy- LL* Jly yo yi ^yJl 

AjtJaJwQ y y?j^l -byA <, £ ^ 0 yiy»®j A-lajlii ^yj^ll 4>~L«-o 

44-L^ yLLo y ( y?j^ll Jyy b)l yLi^j 44 jL*J| aIL^I yoj . ( ' r jLol V yo yS'L 
^y?l j£*\ y L^ol 4X0 LyLl oLil u.y^JwO ^yb>cXj! yi ybJL" y° 

4 — aLjLjLJj . LiyLj obij>«-U 4-olli 4jJAl]l C^L^-S (3 jjJj C^L^SL 4jiL>til APljjJI 
yo apIjjJI I ^_p r ^ oLll y Ujj_LJl5 y y^j^'l b_L>Jl yo 

iLjfc yp gb Jij . JS\ y>- jLo y^lj yo LJlyJl ^ly>-*>U \ ^ VV j>Ip y LJjyJl 5 
ysbLLji 1 — 49 jj JLJbj AjLajdl y LsyLl oLll y^*lo ^AaJjI jLil 



4 >yj Ljj yLJlS 4 jVj ^jb>- 0 ob'y^Jl y obybL>«j| 0 JlP Lyl C^ij Jij 

_ yy^-_& AjliaJwO y ^y bb>o! y *&,>- J_4_9 . y L" CjLoLL A^j-oLI oUlI y »/3 S 

( The Houston-Galveston region of Texas) yL~SL a jVj j j y^Jl>- 



-rrr_ 




obi I jJI ^jkbll ^jA A— a]a 1.1 1 oj-A jyJJuj . ^ oj j^> 

A^-lw> i CL~nj A^?l>- ^ ^ £ V* ^lp (^J Vi kj^A ^ -kj t Aw? Ill Al«Jl j*y i 

Jlj^j Ig^-Lwo jJUJ kku o jb jij t ( The subrub of Pasadena) Lpl~j 

^bji Jj^ii ^j53j jTi ^ 0 r ijj_p- Vi ^^u^sjI Jwi^j ^Ljj rvr 

JwU-a ^Ju ^ ^ o 1 ^lp <jj . ^kkkd! ^>jVl a>-Lwo c-objl cLU bSj ^ ^ £ T j»k 
Jikbll jlo ^^Lk>o^/l i jj& ^jP ^cw -L_dj JL* \jY Jl ^p- ^?jVl ^^bjko'Vl 
oj jjL>tilj aJoJlI A^wdi jL^I ( Jp j^l lLUASj oUL^jlLJ -w? L gk-^j aTp-LJI 
Cljl^Lbk.1 ^Jp CwOj Ij ^^?jV I ^J^\jis>r-i\ ^jp A^UJl SjLJ-i jJjuj . Ajjkxl t 

. 00) J»jJ ^ jsst a-^um 

oLJlI ^^IkkN A>s-Ju LSvj^oI ^4 <_£ ^>-1 ^^kb>» i3 ^*^ 2 -' > " kUbS 

Jui . ( Las Vegas Nevada) bliJ aj*Vj J ^UxJ _ J5 J aJj^t' 

Savana, Geor-) L-rj^r ajN^j UliL- kk>j Ujus ^ Jl_p- ^k/Vl oks-kkl 
The Eloy-Picacho area,) l) ijj ^>1 ajY^j jS'lSk - <^1 kko ck ^ ( gia 
jUy.iuJla ykl Jl ^S \ Y i JO«j Jp kiijJI ( Arizona 

. (n) \ ^ * 0 j»lp JLLo J^il ^ • j*lj jk>i V 

Subsidence in Maxico City ; j£L~*Sia ibJu <J ^^kjVl 

( Maxico City) jSkkk aJu-Lo *ij^l c*-kAkjl 
kJ (1) ^sk i — k < j-« AJjwXll il)l5k> j Jp ^bjl J-ij . Ajtkll ^ Ls^-I oLil 

u^i^k \ v |»j ^ 1 1 j»Ip u^y^ 3 0 ^ ^ Y * j»ip (J j^-k Jl ^ 0 j»lp J 

J,i 0^1 kjJOs jlSk ^Jlp <j ku^Jl S^LjJl ok . ^ ^Vo aIp J kJ 

CjUljiM Ajdk Coi" okksj obi! ^Jp w-ikJi O^L j 

Jwbca <tk cJLstf>j Jbli .J Ik# VIS’ A^jcJki kill j^Lki ^Jja ks^i-l 

W-*Sk A okkl (j ci 

Y b^qj ^i-Caj o^rsJjJ I ^ O l^^s-U Aj^»vwJ I Aj»C^J I obLl 



-m - 




J»ij ^jlp o^L^i . pJJ JLa 

(j £-L Jij i, ^y9ji\ U>Jl <ii!i £yjj L ^j^lijkjl 

(_Jp ^/-53l jj^fl ^j,Xo J olSj .jLl«I V ^ I ji?Lil 

. A^jaliki ^Llij oLisdlj Jb jJ-l <1\SLujj (j ^Ulj oLII L-i j~0l> 

The Palace) j*/}** wv^5va AJji-Lo L> I jLl! ^*-a1 

L ^l\ J j fc >Lo oj^-j jliflf r ia-j* Jui ^ £ ^Ip J ^ ^ JUl ( of fine arts 

^Ji ^ «*» C S j ***** 6 ^*3^ ^d£L*J Jp^_A AbP ^cb ^ T 

-bi-i QsAjsmJ I ^JjU- »*l3^ • ^L « j| *Up ^ r l a < *» 




o*XA C wiii >b I J-Sj t Aj^^j Qjy^dJb*- 

\j*£ blX 4-i_^-l ftLil ^waJ 4j>fcslj jbs Y , t J,! ^>- Aiiadl 

(after, Coates, 1979 p 171) 
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diJdSj , I yo oLii 4jglajJ.( J ? yJ* y° 

y£* jj^Ls aJj 1 L» 1 y£j>*ji 4_*^^wm^JlI Ifl 1 <,..,} i l ~ 

.° V) Vj & -lil vj-~^ cM j ^ 1 




jSs ^ -M^a A^jXo J A >wj ^-- O - U 0 ^*ll 0 ^W?jJ (Y) 0 jy& 

(after, Oliver, 1979 p 550) 



Subsidence in Venice, Italy : UUajI <j (SJxJl) ^li^l 

^__>t-Jl ^P a1>6_s<^ A-JC*a>Ij Dy\_>mj L^v>^Ufl A .i.Ij fcl 

t A^loxil j j ./g *3 1 aIjjII O— <kj -lij t ^^-w<JLl ^L*Jt 0 

C-CLJl Jij . L^* AJa^^dl (jl?L_lii ^jj L_^-3 ^_jL-vail C^Jlj jLlI OJLwJ* J.—49 

I wL^ A»d_L*3^- ^ iiy AJo wCa ‘i. i J ^ ^ 

<dUL> J ( Berghinz, 1971) . JsyJU JSLl> JLi J-ull 
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ia^ L^aJ jf ( Venice in sinking into the sea) « ^>*J1 ia^ 

(JjAjLi ^jA ^v^lj \J LjA~» JAaII lAA c)lj 4JAvJl J 4 »v£>jJ 1 ^^9 .jY^ 

: JUI 



Jgjkl JAiu> 
(Lg^j) Ji 


(L_^) . 


i Jl 


-, 'i 


. ,V 


^ < \r<5_ v<\ • a 




> ,« 


N^tY- 


• , \ i 


\ , i. 


\^or_ 


*jY * 


\ A 


^^n^ _ s^or 



j^>f *,<g 3 I i Lp^° tta — 1 ’L^l oAp ^J,j. 4 -oXo k^-A A 5j 

) j. ^ Lb J jL*Jl jL>cAjI^ t OyO^Jl £li ^Jl <bjLl! ^\P A^il 4AkLil 

^_;U<ailj ^jLiil ^lilj tSjvi' A^i^-I oLi! t( Delta Po River 

I Jr *!>U o j^S a^La>L ^JjJ\ oLi! LI ^J,| y ^3 • ^kaLl ^ ^Li|j 



aJjJ\ a Li I u->A>&3 <* L™~3 Aals'.a ^y\jL>xj>\ J - ■’L^^i ^_aI ^ jOt) 4jLLg«tii 

^aLi>ol (J,| J,LJLj Li^>-I oLil ^^1 o/uS” oL^-SL 

o>LjJail L~-uj LSj C— jIS” 1 oLili . Lj ^-aj ^J l ji.1 a^J ^- I oLil 

Ljj^aj J l .il^il OAa$j oLil lg*.,<g ^aji>Ll ^ALLil L»AP ^SsJj tLi-jJi 

. l^kjAfc J,1 dUS (_£^li IaJuL*Jj IgJLo^- cJlS' jJi <u^-L*»Vl oJLpUJI J^a Ljj>- 
^Jp I Jn^ J^SLaj 4jI L/l (J jAJL \jA £w ?! j j-A JAjl^j AAjXo ia^j 



L^J La ^l—djjl ^Jp A-Jb L ^ wywJ^ 4_Jo_La 4_>L — . — a \^a f\f * <j| l_A>Jp lol 4_JuA_il 

J jliVlj jLii ^kjVl ^kLkJli . J ji plAJi 1 , o _ f , 0 

_/A*J lAAj ^y>t-Jl ^jp ^igj'bll ^^gLlAxjl ^1 tjLa_\Jlj >ljiLL Ajlialil 

jJgLilj AAjJII °W a J jk-a ’bflj ^w^Lp lil oL>j l_4j 4 — stfgL _>-j -kSC*w5 

4pLujIj ^Jl^-IjJ! Ail ^Jp L^a> 3 ^ig Lai>*x_) I ap L~j lILaS^ tif- ^kjsxll 



.rrv- 





J.^***^ olS* 0|^J L®^ L www»vw«^ 4*o*A*o Ll>tj ! (^I . O^Ocdl 

JjH 0° c_jLiioJl jl L^O-J <-Jua>zZ}j .^>Jl Jp JJaj Jl 0?L>-j O-lll Jp 
. ^ ^Vo pip J Loir ^_A3jl J ^ ^V * ^Lp J Lijj oLll ijj* JJjlJI 

. oJalll I J Jjco Jij LiJJ oLll * — Jj^Oa ^ajjIj 



Subsidence in England and : oUUlj IJiUJl J ^jVl 

Japan 



^?La>tJ| 



IJb -Xij . Jjjl oLll A>^jj oL_jLJIj I J O-yg.-fl 

j— <eu*>lj <. ^ ^ T * ^Ip J (I jUj>cj| c o*J— d) (.J Lij_JI oLll ^y 
t j» 1 V ^Lp J JLa \ * * j \ ^ t T ^Lp J jLd V,o J! J -^jj 

Jl y^> Igiji <jJl O >r lg . .d I odaJl ^^La>*Jl oI?Ul oLll ^^li>tj| jl j - O^I ^jP 

J| oLUl ^ o>Eo-Ssj oJpUI oLll Liid-Sj .Jll . 5 Y * 

. ^ ^^UjIjLJI iS'L-jl OjOsj ySy^P OvU ^j- 4 J y&XJ 



Subsidence in : OjyJl aSsJUIL oUp <J £Jl*aJlj JiLioJl 

Tabah, S. A. 

i T ^ * JJaJl Jgg-j Sfji oTV ^ SJL Jp L> Jaj LUg 

J -L^j <L ^*Jl aSLLJL JjL>- OX) ^^s J JJLil JJ Li Jh 

1 * * J J>*j JlSL*i ^ j^p . ( T JSLi) o>L^J-l ^y* ^L/di o*LjL J l 
( jJJlj jd 2 ^ {j* ojl ^UlIj 6 jow 2-SI £jljl ^ 4 jIL> ^_iJLj o,*L 

.(tjf ijj^) 

* * 

. Vi J 6^>-JI Li^Li oLll Jp LIS' I^JpI 4_>lU J 4 -pIjJI juo^J 
t aj jljjj^flj 4_oL*Jl jL^I Jj j^jp LijJ-l oLll ^wj ^Ljl o_/o-Vl oJoJl Jj 
4 jLL> Jj>-I Jiij .jL^II J oLll ^ y~~* ^^Li>tj| J| o^LijJI oLa o^Ij 



-VTA- 





. bjj2i\j ijdJl ij\jj jJUall 








Lkj yA tj\S jL ^ i J oUlI k iikJJ 4 jjL j 5-lki ok ^AJIj 

. C-<^>- _/tP jlkjl 0 i 4j^«Jw« IJj — wvJl 

^Liu jikc^flS ^ JLPj 4kjk-l a Li I 

L^U?j LLjki oLi! ^ L^a oLkxll ^L^xjj LL^kl oLil 

oIpLJ) Jj, <uklil J oLll ^j*-Jva ^jpl JUsJj . Lgkkk <j ^^LikJi 

©Lil l^jLuXJ cJlS* ,jJlj ^uJaiJ aJjSLI oLk-lj ojJwkl oljJJi L^ oL*xI$j 

4j ^SCL i L^ak* I kk*^ L? oLil >A^j APjlj 1 l— ^XjxL) I ^ ^ 

^JjJl LkJl okkjl k» k' I^^ojUL® Jp 1^ *k*-> 4jLkU 

<&kJl ( Jp diii 4 4-Xkb (J jJLXj OljLkbi OjJl>- (jJ 1 k 4 jLjw? tgJji 
tkp- 4 j jkil k**»j (j £t-kj ( JkLxuj <ll ^tk^j ^ (3 jJLXj ^jwL^? Coi>*3 Lkbi 
ak& jJi j^-k ik 4 ^akx-^Jl L§k>-^L jl ( ^5L.. k lj £jlj-il £—fij 

^ jftk&jj (A 4 V 4 ^ t S oj ^ -Wall I <uik.«>3 0 j-Jill jlk>- ^Jp 






^v*V ;;^r:.; : , ..:', v f %.:• : -■■ > ■, 





J jl J oLaiJllJlj oLpJLvaJi oJUfc V ^ jl ( j5dj . ^jLdi 

N j»f 4ikdl J iSlu 015 lil u cJyu Nj t ( Subsidence Surface) ^s»lj 

Ji Lr^Jj 1 ^U_p' jV 

o/iJj L^plfljjl ^LaJjl oU*>Vp 4 AjJalil ^UjjN 

. *Sjj1p 
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1 *§§ 



ijyji isu^i j iu» ^ ^ixw- jol^j jisiwo (i) ojj+0 

Oo^Ji 1 j}&>- N <jII? oLp-L^aill jj_^_L? oj 

Jujj Jii oLp 4^biiJLi5\ o^L& c lj-^1 ^Csp jlj ^ULl 

Jj>-I jlil jJj . v — J jJi]\ jl ApljjJl j_j C-V oLil 

<P y*%o 1 J ys-Jj jUxs*yi Jg^Awtf JL*jj frbjl ^caJolil 0 cJ ywJl (jb i^jC]t?\ jl! 

oLllj ^P I jW4| ^i&ljJl J l-ijfcj . O O^Jtl Jp^ 

1 ^ *-V5 1 1 0 wCft y\p OyLi^S" 1— .O^Kj 1 0 L* 4«.»Jy»«ws3 4 I 

4jLLj>x 1| jy>r ll (jbji jl 4 4-jJss L> c£j^ (^y— 4-JiJi 





. ^JL^aill u-j yjJJ ^\p L^_L*^- l£ a ala «ll s^ptixLl oU 

j I OjJj>- j\ Jj>w Jl ^jSCo J oJs* 

. JJal*JJ (J iikdl <j ( ^U>JI 

^ j3 oLoJJ j>A jX*2j3 4jLU J oLlI £w=» (‘‘-U- : Sf^i 

. 4Jikd{ 

dAta ^Joj 0 ^^ oLJl j<»l A>cJL-*»^ o * LoL 

L^o 1 »L>gJLi-*^ 1 c_sl j»~tPj oLJJ (J,l d^jljAlj 

jUL> Lol (, 4j LL? ‘Lij.oi-l oLll i ij *«*+■& ^\-Jbj)} L_v^ j£ ^Ja—Aj J jJLi“( o J l& 

^ ^laJl> I j lg-Oj 4.aJaJJ LJL>- oJS^>-^il 0->Lp.XoaJj 

ObjJJ <\Ay^Sj ^UllaL ^w-itilj Ol_^l 9 *J^JL>- ^J-P JLpL^J ^ ^j>- <ij ^-* 1 ! 4 ^jJL*J| 
^jl 4j2. J a. i l L£ yfi v,- a»,<J? > ^jJlj <UiJaiJ 4 j^S3J j jj>g.^a.ll 

4,jjg LJl oLJlI AJ^iil (J | J 1 oLvfl <*_■> - /“^ J dAl-iSj • 

i£jj <_5^^ jl * — ; ydil 4^-L^a jrS' oLlI di)-> (^JJl ; y-«Jl U-A 4jalaJJ 

. 4jUa (j 



Subsidence in the oil fields 






. jil*Jl ya ol^> OojJl ci ^ 5^1 ^Jr* ‘dd>- -til 

J/° i^3j ; 0_^J -li jUJl ji C-o^li ^To'V 4^Jj ^jaj^i 

^jlaLa j Jjl Ji>-jJ Jlij . oLJkl jw? ^ 2 ^ 

jJJ vJJj y>jy>r J Wo j»lp <c5J o-X>txl! oLNjJl do jjl 

1 JLa J^j t( Goose Creek oil field, Texas) 



(J,l_^ > “ 4 -dJaJ .I (j ^aLi>tjl Lp 5^ 2 ^1 

dojJl ^1 y>tJ^l\ \J ^ja'ul>tjl yVi < 9 ^P j 3 L-A J)l J 4 ^*» 1 jA)| 



jjJu 4 a \n :.a 
Cr-J 



-tit- 





E jjA*j\£ tJ ^^4-1 1 4j o jj»*& (^ ) 5 jj»*& 

J ^ . , "l j <-j £ jiJ j ^ uii 1^ ^Ub^M j-^jj HVij ^ Y £ ^U- U 



( after, Keller. 1979. p. 147) ^ J,\ ^ sjuJI jWdl 



U . ( Engle wood oil field) j-U ij JJb- J ^y»ji I cJa^j 
. oL^Snj Oj^JI ^4ii ^ , V J ,! \ ^ *MT - ^ ^ ^ V uy 

(j (jEil ( Jp jJl Jj^ ^uia^« j olS* J-Jj 



-rt«- 






^ jJjl>j i 4 g]g ill ^_J oi^>-^l! jLVlj C-jLijJklj 

^jS' ^\JL ( jjij .^u^jj-« , yi t-S->ljNj.AJl LjH^LU i^jji^-\ o-La 

^j^ct^>-j c Li^jj^- t ^j-wvJl>“ * e-\ Aj^j oJpi ^Ul C^>is-Jl 

Janson, Duklcth, Gorden, James and shield, 1967) ^ ^*\V ^*Ip J jUL ij 

UjjiJlS' ajNj ^J--A ^^jjjJL -Lw*» L/y aj^Vp iIIla <jl ^5^ ( 

jJlj OjjJU :>jjl>*Jl Ja>- Llkio ^LLkJlj ( Baldwin Hill Dam, California) 
j3j i -LwJi L— v-^j L^*» L^-v^Li>tjl jC^jj ; JL-Jl ^a j*~a A * * j^l^>- Jxj 

aLjI j-43 djlSCLa^Llj ^-\j I 4^>ww-vj>“ ji I j'Wf* ^ 0 ^" 

• L? jL?j oLL^j jLa ^a aJL) jJp J La JS OjL^l 

^jLjLo J Jw 2 ^ A^SC _ys^l oJ>%li! oL^Jl <jUaJ £jL>- tJj 

oJa^-A . jLLJlj 4 LJUajlj t j^i jLjJIj c-~j^3I ^Ljo| 

The oil field of lake) J^li'ljU o/c>o ^a c^jJl J LiLu J ^jVl 
Jj aIp J ^jVl ^LLkJNi Ula Iju ( marcaible, Venezuela 

I oJa-.A 1^5" . jLjsl r > T L?^~a ^a_L \ ^ g £ ^Ip 

^bjl \Ju jJj ( Po Delta Italy) Ixta jj a alaia ^ jUJ! ^ \ CJLlaj i ^ 
j > cj AiajLi I ^p?j^/l aj>“L— a j_xiuj \ ^»Lp j ( Mathene Gas) ^j\jlil jI-p 
M athene) ^ulil jlp L>^‘ ^»j! L>j-a dLSAS C^A* * 

.( Nigata, Japan) JLUL L“UxJ <j (Gas 

^Jp- L^. * ; la.« AA>iaJl < — JjLdj Lr ^ULJl ^ 

^Jp Lg-s<axj la » -,*jj 4jaTaJl oLjSLa ^jIaj <— ai^- — 11 la« 

<1>UJ -^Jr* Ly° A-yi>ijJJj . Loli A_A3 jJ jl L?j-_J Si ^j-a 

2^1 J L J ^ji>- ^N^oA j»lp jLLl 4 °LJT Lj-Lb^ !l 

LJup o jJj . Ly° oLiL j j^>c^\jj <u Jaia Oj^JI 

^a AS'jstjZ- Jij . r JSLJ I 1^5" A^wvla oLiL jL^/l 



.rn- 




(after, Po- ap*e*w Ja^*A > Q3 (^) 

land, 1976) 

City of) ox&j c^jjJl o~Xp 1 j A.gJa xl Jaj! j£-\ 

0 «uJaio jJ fliy Ji ^ajVl 0 J>Ul>J\ cu>w3jl jf ( Long Beach 

. oLiL jL^I 



Subsidence 



XJUJl yUaJ) ot j /)! ^1 






due to the Underground Extraction of Rocks and Minerals 



J^bL ^ \*y>- jyC jJ \j ^J>ji I ^>L» Ulbkil jaL*ll 




-U^-A c l)-X*1I ^j-> jyP ^JiJl ** L>tia^vJl 4jidaiJ ^»^..lalt 

^da— *» L jS ^^>sJLwll l)~X*L LoJJP A^a\ s>-j jL-^I 



c ^ jyS oUj ^j^bcli jiaLo <j Aw?jVl oljL^Vl JP 
^ cC^L^L c. «- Lj ^ odl j^L^oj jt\ 

-li .JjiaCo ^jL ^Jl CjIjL-^V^ . jK — JL aJ^aLU UlaLil 



-riv_ 







U I 4j^JL\, I J I 0 Li I -J j^A»J ^C^»Vv - ) l^V t ^L?wJLJi oLU 

^^■jj 4j^,lil aLil o jjftj . -cjJpLJI oLll <tjj \ j J,[ w £ U /jjjjcJl ^LL.^ 4^33 

ck IcA? i,( 3i ^ L cH {j* ^—*1 ‘V ^ <3® cjj-i 

ji>L« A^L>-j .jj-XjcJI 4 tr ^j , yi oU^LLkJ^i ( j^I \jjC~*\ 

e^j_>-^il ^jLUj oLLLI ^J-P vJ^Lvtf 1 4>tj V I e J l& j-Jtj <. ^nlllj 

. ^ JL>cJl 3^*^ 



Subsidence in the Coal Mines : 3^^*° (J 

3 j ^ ^L>Lw4 3 Ij Lyi 'V Ij 

r ^5 Y' * * * 4 ^ YA * * * (J[p“ ^J^cJl J^LLw* ^JLo 3 >Ju>-j ©JL>tlil 

'/•V J^p - Lfc* Lu~>- ol i ji>Lyo <j 1 3^>- p-kpl j^!l oiSj t 3^^~° 

. ( ^ 3Lyal J 3 j3>1 0^ 




3 ^»^*aU 4 flia^ >q 3 -Xj-AjLI 4^Lj ^ 

Jj- 3-I y-jll Ja>-*A-jj 



(after, Coates, 1979) £akd 1 j ^jVi 



^=rLw« jj3L-« jy-^j 

uk 3—^ bL - ^ 

^"\A j^U- ^y23 4 C-'l SU^kIIj 



j_jJJ jL-Oj * — ;1 j>- Ju ^a.>- 

Jl—*Jl eLilj jj wv3-lj 

J ^ _ jSLlj *iku J ^jVl 



Wilkes -) UUL^j V^j 



Barre, Pennsylvania 



\<\n* 



Coa dale) ULLLju 
jlo J} <_pf L: ( Pennsylvania 



-rt A- 




jLj jlSw* 61^ \^VY* jj-® ^»bj cJj . U5w^« YY* (Jtj-' 3 ” 

jS 

. ^ ^jlx^aS ^ j V 1 4 ->«JL 9 li JtJ*- Jau^b 4 Jj>“1 

^U ^j-4j 4 j j ^ I ^Jjp j.iaj>- ^jjlab-a ^j>t^Ji ^»^-L»^ jjlaLjws jySjiJj 

^oLSOlj ^jSLwvilj jUJl 4-^jlJlj oLlIj jj~*J~\j ^jlj^xJJ jLoj » — A y>- J^va^- \ ^ % A 
Wilkes - Barre,) UliLjo aj^j j -.^SClj 4ik^ J ^jVi J^A ^ 
4 j^j j JjOJjS J jLwSJlj oJl> ^ V j»U Jj .( Pennsylvania 

Jj . LiCwj YT Jl^p- jlo Jl ^pl l£ ( Coa dale Pennsylvania) UULjj 
4(jjkii J^d <j ^IjL— Jj-^j-aj jLj ulS^ o^ 2 ^- Wj ^ ^VT* j»L^ ^y= ^jLj 

j 1 ^ \ ^JvP 4>tI3 IjJj£ , 1a 



(Ya) 



jju] (JJLiij jia^- J^kLjs oJj>tlil ob*^Jl (jiaL-Ls jyjJuj 

^wo <J A>^J& OJl>- oL'ypt 

U ^-^il IJla ( Rock Springs, Wyoming) J 

4 |A ^ 1 A jjbo <j -ia^fc> 1 Jj Jij t ^da-^ C-^- I _/b» ^ _ T* 

AAjJIL AjjL*JI 0>LoJik|j (_j^]aj|j jS'L^JJ A^j-w**j>- j! J a^A ^->*->J 

• <n> ( ' ' 



Subsidence in the Salt Mines : £&LM <J 

4£j jiaJJ 4>s»Ca 4^^>- ji Oj-i>- ( j-a £-1 jl 

4->d y > dJJjLij 4 _j>- 1 j-j>-I d OwLJ>^l^il 

ol j^dJi ^>-^J A^XLsj . ^eia^jl c^- AjJaL olj— >e3 A_ilj>- ^bil 

^JjaLM jljJjd jL^SbNb o^J^oj 4 jLw? ^>Ja^vJl AjaJaJl ^v2j ^aj')/ 1 

obo Oj J j>-j ^t?jl ^1 I ^1 <jpl Jill 

Detroit,) o oL^ ^JL aj^jj Ojj^u^ jj-® *— j^JL 

^ \Ju» \ Y * Jl^>- Aiajb^l A^*iiJi aJLj ( Michgan, U. S. A. 



-fH- 





4*+^ oQl k-jL f*VJ u*A**”\ OH bj^ 
(after, 5 j*S +£> ^ > «il I ^ >>*^l > — J 4ij J 4ik^ j 

Coates, 1979) 

Saltivell,) aj'Vj <3 <JLoEL^ v— J jaIU 0^/-« 

'J* ■ 0 ^ C^ - 6^ Lm Vo dip" -^jP lU( Verginia 

^J-L*J (j A-W^jl OljLjil 0-L^2->- I^S” . ( ) \cr\j^-J CT^y* 0 bj-Jl~M y>j^Jb I 

cbU^-1 Ijl. JuJj (, ( Chashire, England) i Jl>J\ <j jw.lS' j* ^iil 
<C~>j £ * ^jA yS\ 4->till pJ^Lll ^JLp 0 ci 

jL^l jij . ( Rockt Pit Hole) ojJbU <j 4 j ob>euJl I jlJ j\ 



~ro* - 




•oljL^V 

J5L *jj i. 



SJ 



SI 







'U-'-r-'i'- 



l-?w> ^Lil ^1 4^; 

(after, Keller, 1979) Ujj- } 



4j*)J jj Jl^L- ^y> 








. J tJl j cJlsw 4~j? j)l\ ol^il ^JU- ( t) : <*) J 5 ^ 

( after, Evans, 1979) J o y&^\ wjUDtil j\jj^ (^) 




1962 1963 1964 1965 



oJu ~t3j> . ( Richter) ? 

^£jj ijj-E-C ^x>Jo»-l3 ^jLO OwLo Ol^wj Aj»j!>-J>- 

w>jVl ol^LI Jl I^poj ( Roy MC Vicker of Clorado) 

I AJ>“LwJ,1 A>cXm2-^ O -JJlp) \ ^ *\ ^ ^Lp ^ujLo J . ajl Jail i 

i— jju /ca o^L*jJL c~*li ^Ji oL^'.jjJl pJLo ( U. S. Geological ) 
JuJ^ t (Clorado school of Mines, Denver survey) ylo J JudJ j^IjjJLS' 

Jbr 4 aLu* ,J 4jL«-*ji ^Jt (J l^-Up- jjl Ajjlil oLil ol oLJjJUl C->wj>ji 

Oj-b- j ± rr J\ cJlS' ( The Rocky Mountain Arsenal) LpL^JI ^Sjj 
j_J 40 *CJjXo ^ja (J^jJl <J £_JL ^jdl <V-40^-.| JjNjr— . Jl 



.rot- 






^jX>- ^0 <. i ^flJL AjL 4 -w£?j! oIja oXp C^L>e-^ X_$J ( \ \ ^ *\ Y ^Ip 

. ^yJl J^l J ( Rangly Oil field Colorado) 0-*jJJ 

oljAi OjX>- ^Jp 4jji>dkl Aj^JLL) j-u U ^X-o A 3 jX^-J 

Rangly) a-J^jj^V I A>-Ld»l A>d ^ ci^LSlj aJ^III cx> jJl 

J Alix« (^Ji ^j^^) x_^?l ja a_>oj! HIV J ( Oil field Colorado 

id-Uj j»u o^JLp e JLL 4 -j-^jVl 0I3M j^flajj C-jjJl JJb>- J^>-J AfllaJll 

4 juj^/i ju?i ^ it xij , Aj^iii 3di cy ^ **— ^ 3 ^ 

. <n) AJ Uij aJu**J> A-w^jl Sja Y * 3^° JtA>“ 

; ^jLmJI oUl ^ja oUd ap^xJ oljdl 

Earthquakes due Reservoirs Fillings 



*+ t . 

AXJajl ^Jp 1 la * .,<a O^s^j ^jJLJl L-iJL>- o^— oL^5\j jUa—a^l oLs 

l-aJL>- jlji-i (j oLil jjj 3P laJwaJ 1 o^Lj iS^J^ Lg.lfl.tl A^Xj Id aLULI 

olj-fc jl <iAS j>- ojX>- Ur jl^dJJ aJLoUJ -1 x— Jl 

. Ajj3>Jl 1 oLil A*4)5 ^-wvJ>- A^dj^l ol^dl jl olS^Ll oJU* Oji c A;wajl 



oLil A?tX jlUdl 3^0 Ajlilii- J^LLa (3 A~djl oLtpjJ 0I3A oXp iX-jX>- XSj 

(3 A~*ajl oJA *\ * * 3^ 3^ t cJLil ^ • 3jX~dl L-il>- 0 oL*^j 

jijjfc JLx (J ~ t *\j Xl* ^pip J!>U- LLLuj L 3 $xi -1 Aflj al a 



oLiU ( Mead Lake) X^-Sj^ ^3. (jxllj ^ 0 j»Ip j ( Hover Dam) 

OJcL LyCa oX>-lj AjLa>j A-wU^ C^»l5" olj-dl oX*> ^ la aaj . ( ^ V OJ j-yg ) 

CdjA oXp ciac^ jU^Jl . <rT) ol>-j3 1 ^ C-XL jllljlj ol>-j3 0 L^jJ 

. H Y^ j»Lp j pliU ^ ^XJI ( Marathon Dam) d jJjU x^* iikx J w»j! 
d-dJLj t H T A j»l-P (j l)U^ 3>- C-a 3 jj H V' ^ Up- (j A^^a jl 03A Jjl cd^w» Xdj 
Koyna, India) xdU UjS' Adkj> J jL 5 ^ c-^ij xdl Jj . <Tr) oU ^ 0 

\^j>~ oUj (3 03^1 0 - ^.vxu Xsij t A>-j^ , 0 U^lXa-1 ojS C^^Uj . \ ^nv (®Ip (3 ^ ( 



_ror_ 



JJJlII _ <JUoLaJ) < 1 1 ->. /■ \ X 






0-kAj jij <, 4 akil o:y-^li olSU^JLl v .>1 j£- \j jUjJI Y • • 

\ ^ Y pip 4_~*5 vo yua ^_j ^_La Jl y- d— Jl l — LL>- L>jJ>tll ©Li I 4^x>j” 

odP L L~°Ij cij . \ Y* pip (j 4 a J adU ykj*^l eiMjAl CjIJj Jj>j 

Lake Kariba in the) ^jL-lj jr <3 £jyr eyy J kkj! ^ly 
pip y yj-iS'l H Jj . ( Kariba George of the Zambezi Rivers 
J cUw^J ( Vaiont Dam, Italy) Ulkl J cJyli jl** L£kd> J aJjIS' c-*ij 
aIjLa oL^S" ;y-J 4 jjI£\J| o-La c^_*_ 9 j jJj 4 yiw Y V • y yS”! jl uJj 
j ji>e_*kl Jp kkklj © LiL ykLJl jy>^ai I JJ Oil JlJl 4 «kL>- ©Lil y 
Ool ©-La . 4jikdl 4dkLJI oLil *yy-J 4 jly>jJ Aklkl 4-jkLJl 

4.o.„ La j 1 j Jj>r ^Jl jl.A>ejl 4JP yd LC 4j 4_kj>til^ 4Lalk-i J y>r 

cJ Ia 4 Y* * — Y o ^J, I y>&j jwUj Lp j~~i juJ I ( LL>- oLsi 1 j ly>- y>^~> j^J I !_>- ^Jp 



-YoU 





Y t * y* jyP^'&Lh ^ J~*]\ ji.-^su'b/l l-i^ . ioliJl 

^JL> A*oLj As^yoj ^Y t * (S^J^ ^■^l j i j jl ^J-^j y^ aJL^ O Jj>-I oljii-l ^>o 

. wLmJI ^/'* /0 \ * * \j>- L^p'Lij^l 



<J ^jwL-Jl <JAj^ o f~£ oL-o-Ssj oULl £*j>c$ A>oj <w?j I oljj^ o-*ij viiJ-l5j 



( Monteynard and Grandvale , France) LJy J JiJu! ^ JS” 
LA>yl dLjJcjfc Jj t( Mangla, Pakistan) uLo5l J !A>Oj 

uLUl j j5 J j ( Handrick verwoerd in South Africa) 

Hsin- ) ^jwaJl J Jj <, ( Kurabe and Kamafusain, Japan) 

^J>y ^jlJI j]?L« j ol^lS iijLJl aE/^ 1 ol ( fengkian, China 

t ^jJlJI <_Dl>- oLLl a-^Sj 4^L>tii iOj'Jl oljil Oj~b>- <j;0 

AJaJfl Jl jl y~Ssl! <OOa OJl£ A-Jb>til Aw?j^l oLSj_J-lj olj_J>l oJL_gi 

oLll ^J-Aj ^ * lg n 1 1 JaA^aJJ A>tO> a1»L^-I Aj 1 

jJr l Lf oLiL oJJ aJLoIJ-I obLlaJt jl :>joJl <ol L>- 

. UjL^I J[ (JZjj It oLJLI o^Lj iaJOJl ^ujLio Jp oj^li 

I 4 jj jJt Ol y&yJiZ . U oljil 

Earthquakes due to Nuclear Explosions 



ajlLi^- ^w^jl oljjk <o^Jj>- ^Jp ajj^J! ol o| 

A^> 0 jjjbcdlj <Jbjj (jl (r t AjJ^Jl cPjU>o]| 

ol a>*o aOjI oljjfe o jlp I jJl>^ JLi ( Royall and his co-workers) 
Atomic) taLLj Aj^fj <j ajj^-JI aILUJI aJISj a ! ku <j <j 

jjJjUcilj JLjj j»li Joj ( Energy Commissions Nevada Testsite 
t ( The Box car explosion) ^Ip J aJj- ll ^I A^-LtJl jUoijl oljju 

A^Jalii ^ o!>l 0^1 OJj>-t jL>*jJj "V I d)l IjjLilj 



-TOO _ 




ftp ( Benham) ^ J Jl JJj 

JjN^JLS 4jSj^J^ji--l a>-L~ 1I i>J-s<aa 0-*\i c ^"VA 

htiJ 4iJa^ J ( Seismorgrahp) <*il JjM^U iJu^ tV ^ o^c; 
If^Jj jU^Ml Oj-b>- -bo Oiji! <—3^1 C^i>w» J3j 







l*aJL>. jd! yib-L j\y| 4ji Jj^- c^UpLzjj ob**jNl ^jL> 

j^>t^ii j ob^Ni j»ii Jiij . oyij y?jVi y^L (J L^^w^jj «&i 

toUiiilj ^jLil ^»lilj c ioli.1 oiyJsJl jA^j ^jlaJl JAj 4jJ) I ^j__>C-saJ I 
J^LJuJ 0^ ciLsi yl^b cJ oy>-^ii ^lJL^J i^a 4-ljl_**Ji C->i^ j_J iJl 

yoj .>i-L y y^Vl <Li-l objisaij aJIS^j <oJy aJL- Ijltf ^b>cii oL^I 
obs^bi>olj obiiLiJj oljL^-l *y^Ji>- obwjN I JgL j uiJ yJI jU^I 

liy- yJI jji>LU a^J?j\ oLi^pjj oly ojJL>-j j>j-U*Ji jL^i cLU-iSj a^^jI 
oljW'Nl iy* 'J4-b*JI oji>- jlSj . (^j_Uj jl *aj ob_^wj yo L^Jlp Loj 

(_J <y^ji C~U>-j JijJL-Jl yo jb^-lj t^w^j^i 0 >Lp J-s^axJlj 

yo Jj>xJL1j . bky>- lo A^y** jbl bk ^jlS* ,1^ — *JI yo 4 <a.b£ ^JjJpLjvo 

bylx>- yo JJjillij Ay3j^l olyklj JSjJuJi jLylj Aypj^i 

: J, U ili£l clr 5U, oisa^llj 

yf bb>«Jl yJl oLJlI ^jI?Lil j ^y-ljjJl £~y_Jl yo jj-l _ 

. 0 Lil Uy, 

yo Lft y\i - j A*J| yjJI J Ayll^aJl j <upij^Jl y?l jP^I ^ ^*-^>6^1 JL ^ y _ 

•>L^i 

oLil tyyvJJs 1^3 yisji^Jo jJl yo tyyj L oLiyj jL~o a_oIS1 ^»Jlp _ 

■ VyM 

. jLiJlj (J_^jbJl y>*^*>l JjipbwO yo <_*> yJL ^jL_ ^o A-olS^ _ 

. < y jJjJ^ljwO yo y^b j&3 C^b^J-o_j 0 ^— ^»-Lp _ 

^ ^y>- ytb Ayill A^bs^SJi y^" — 



_rov_ 




O^Sv-wJi I jjs Jijj^ (^bJL^ <jij v^__pL«i2j 

. Aj?Ja'.U ^ ^Llij oLliilj 

^Liil 4-*il 4^-^J^J-l AjgJa’Al 4-*-*>lj3 <^f: ^j-UJlS* oLzJw 4 4>ali[ -Up _ 

^jJl oLlij J-wwJl .JJlJ ( J^oj£ jjp ^1 oliLi? Oj Jli 43 jjcoj «U*Jl lf- 

. 0 wU^~ <Lwu|j3 L^s^J^-sia 4 j jUl A^L^wO 4-«cij3^ . jQa» , yi J PyCL**) JOo Aji^P- 

.jO^ji^ii ^jji U ^Jj-iL oli| ^.Jp _ 

0^ 0^ . <w^Jl 43 ■J-*x ^L^-i A_JIp- ^ _ 

( jp ^Jl /yi oLil jw? oUl! v — >y~L* ! ^y?\J^>Ji\ _ _ 

L^-j-wvJ^a A^U^o o3^P^ 4**^? <W5 ^3 jljiM tf-UaP^y jP-l jJu^a 

^jJI J-~Jl 4 a1aL« <_ j£ 4JIp- 

• Oj^t^ 4 JIp- oLwfl Jj *)j Jy* AAj jb ^Aj 

. tawJl I -Lfis aJIj^ aJpx-L^- o^>j 4^*i 1^3^ 4_o*P*Ajj Ap-^Ls^^ i ■ ^j) 

l^j, clol ^Jl tw->LwJ , yi 4 AjL-%J| ^jj3 0^ JrT ^ t LllP-J 

• 1$j b 
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